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FATIONAL ADVISORY COMMITTEE FOR AERRONAUTICS
TECHENICAL NOTE NO. 426

COMPARATIVE PERFORMANCE OF A POWERPLUS
VANE-TYPE SUPERCHARGER AND AW N.A.C.A.
ROOTS-TYPE SUPERCHEARGER

By Oscar W. Schey and Herman H. Ellerbrock, Jr.
SUMMARY

This report presents the results of tests of a Fower-
plus supercharger and a comparison of its performance with
the performance previously obtained with an H.A.C.A, Roota-
type supercharger. The Powerplus supercharger is a posi--
tive displacement blower of the vane type having mechanic-
ally operated vanes, the movement of which is controlled
by slots and eccentrics. The supercharger was tested st
a range of pressure differences from O to 15 inches of mer-
cury and at speeds from 500 to 2,500 r.p.m. The pressure
difference across the supercharger was obtained dy throt-
tling the intake of a depression tank which was interposed
in the air duct between the supercharger and the Durley
orifice box used for measuring the air,

The results of these tests show that at low pressure
differences and at all speeds the power required by the
Powerplus supercharger to compress & definite gquantity of
air per second is considerably higher than that required
by the Roots., At pressure differences from 10 to 14 inches
of mercury and at speeds over 2,000 r.p.m., the power re-
guirements of the two superchargers ars practically the
same. At & pressure difference of 15 inches of mercury or
greater and at a speed of 2,500 r.p.m. or greater the per-
formance of the Powerplus supercharger 1s slightly better
th that of the Roots. Because the Powerplus. supsrcharger

§ﬁ°t be operated at a speed greater tham 3,000 r.p.m, as
compared with 7,000 r.p.n. for the Roots, 1%ts capacity is
gpproximately one-half that of the Roots for the same
bulk, The Powerplus supercharger is more complicated and
less reliable than the Roots supercharger.
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INTRODUCTION-

The experimental work in this country on aireraft en-~
gine superchargers hae been confined principally to the
development of the centrifugal and the Roots-type super-~
chargers, Little attention has been given to the devel-
opment of either the reciprocating or the vane-~type super-
chargera, hecause of their greater wolght, bulk, and com-
plicated operating mechanilsm,

As'the geared centrifugal sqpercharger'has a high
adlabatic efficiency and can be convéniently duilt late—~
gral with a radial engine, 1t is at present used more than
any other type of supercharger, It is considered highly
satisfactory for maintaining ground level pressures to low
critical altitudes but is not as satisfactory for-high
critical altitudes. At least two. gear ratios must be used
between the engine and the supercharger or a large amount
of thréttling will be necessary at low altitudes to pre-
vent overcharging of the engine,

The use of the turbocentrifugal supercharger is par-
ticularly attractive for high eltitude wrere its perform-
ance is superior to any other type. It 18 not used exten-
sively except for special purposes because, among other
factors, the large amount of piping required makes a vsry
combersome installation.

The Roots supercharger is a simple machine but its
use on aircraft makes a more bulky installation than the
gearsd centrifugal. It operates on a Ysquare' card re-
sulting in high power requirements at large pressure dif-
ferences as compared with superchargers operating with an
adiabatic compression, :

A knowledge of the comparative performance of the dif-
ferent types of superchargers under various operating con-
ditions 18 essential in order to select the supercharger
best sulted for a particular condition of service., The
National Advisory Committee for Aeronautics has conducted
several investigations on superchargers to obtala this in-~
formation. (References 1, 2, 3, and 4.) Recently the Bu~
reau of Aeronautics, Navy Department, submitted a Power-
rlus vane-type supercharger to the Committee for testing.
The performance of the supercharger was determined for
pressure differences of 0, 3, 6, 9, 12, and 15 inches of
mercury and at speeds of 500, 1,000, 1,500, 2,000 and
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2,500 T.p.m. This regort presents the resnits ‘of these
tests and a comparisen of the performance 6f the Power-
plus vane-type supercharger with that of the’ N.A.C.A,
Roots~type supercharger,. . . .

DESCRIPTIOR OF -THE POWERPLUS sqprncn&aens.

The Powerplus supercharger is a vane ﬁype with mechan-
ically operated vanes . having a restricted movement THI's
movement is governed by slots and eccentrlcs so that thers
is always - -a small clearance- between the tips of the vanes
and the supercharger .case. The assemblei supercharger
with oll pump and 011 1ines in place is. shOWn in Flgures
1 and 2.~‘ . o ar . .

.The operating prlnciple of the supercharger is as
followe: Air enters the supercharger at A (fig. 3) and is
trapped between two successive .vanes, 4s the drum B re~
volves, the air is cpmpressed ‘because the space between
the drum and the case 0 dimlnlshes, the drum being nounbe~
ed eccentrically in the case., -The compressed ailr is dis-
charged through-the outlet D. As the drum revolves 1t
exerts a sids pressure. on the vanes, “causing the ecceh~
tricds upon which the vanes are mounted to revolve and hold
the proper clearances between the vanes and the case,.

An exp cded view of the supercharger with the parts
designated for convenience is shown in Flgure 4.  The-
casing 1 is made of elektron (a magnesium-base alloy) for
lightness and is ribbed for strength and coouling.”

The asssmbly 2 of the vanes and eccentrics on the 'lay-
shaft is shown, Two sets of vanes of air-hardened nickel-
chrome steel opevate in the drum at right angles to each
otner, Each set consists of itwec vanes and sxtends across
the case, The hubs of sach set are iuategral with thé
vanes aud ars provided with cass~harlened steel bushings
which ssrve as bearing surfaces for the bronze eccentries.
There are two eccentrics at each end f the layshaft which
are bcited togetirer '180° out of phass. They turn on the
layshaft -and in ths hardened stsel busnlnge and regulate
the meveoment of the vanes so that the proper clearance is
mainteined baztween -the tips of the vanes and .the caseé."

The layshaft doess not rctate, but serves as a support for
the vanes and sccentrics-when assembled_in the case,
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On each end of the layshaft is a bearing 3, a ‘bronze
bearing housing 4, and a mild steel nut 5 which screws on
the bearing housling and holds the bearing in positiodn,
The assembly of these parts fits up agsinet the eccentric
and acts as a thrust bearing to hold the vanes in the
Proper axial posltion.

Parts 6, 7, 8 and 9 the four guadrants of the drun,
are made of duralumin and are of skeleton construction
for lightness., Note the five bronze pads, 10 in each
quadrant, to reduce the wear on the vanes and to reduce
the friction where the vanes contact with the drum, Each
quadrant of the .drum fits between two vanes, The four
quadrants are held in place by two steel roftor-end rings
11, one of which is bolted to sach . end of the drum assem—
bly. Only the ring on tho antigear end can be scon in
Figure 4, the onse on the gear end being assembled to the
intermedlate plate 13 on the opposite side to that shown.
The brass oil ring 12 fits in the rotor—~end ring ll. :

The drum is held in the proper positlion in the case 1
by two ball vearings, one on each end, These ball bearings
cannot be seen because one is on the opposite side of ro-
torf-end ring 11 and the other on the opposite side of in-
termediate plate 13, The inner race of each bearing is
fitted over a flange on each of rotor-end rings 11l; thae
outer race of the bearing on the antigear end fits in the
end plate 18 and the one on the gear end in inftermediate
prlate 13,. Bear in mind that the shaft supports the vanes’
and the. eccentrics and does not provide any support for
the drum. The driven gear 14 of air-hardened nickel-
chrome steel is bolted to the steel rotor ring 1ll., A
shoulder on the driven gear fits in the ball bearing whlch
is held in place by the steel retaining ring 15, A bress
0il retaining ring is shown as part 1l6.

The end plate 19 is bolted to the intermediate plate
13. It supports the driving shafts for the drum and the
Bosch pump and one end of the layshaft, This plate, like
plates 13 and 18, is made of elektron., It has bearing
housings in 1% for one of the besarings of the drum drive-
shaft and for the bearing of the pump driveskaft, Two
ball bearings and the driving gear 21 are mounted on the
driveshaft 20, The driving gear is made of air-hardened
nickel-chrome steocl, and has 65 tooth., The drivon gear
14 has 39 teoth which makes a goar ratio of 1.66., One
bearing on the shafit fits in the bearing housing of the
end plate 19 and the other bearing fits in housing 22 in
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the intermediate plate 13, The pump 23 is mounted on the
support 24 and 1s driven by a shaft in the end plate. The
pump speed 1s 3.25 times that of the driving shaft of the
supsrcharger, The nuts 25 and 26 are screwed on each end
of the layshaft and they serve to locate the drum in the
casgses

The operation of the supercharger 1s as follows: The
gear 21 drives the gear 14, which is bolted to the rotor-
end ring, The drum is also bolited to the rotor-~end ring
and will therefore rotate when gear 14 rotates., The drum
in rotating carries the vanes with it, and the vanes in
turn actuate the eccentrics. The eccentrics rotate twice
as fast as the vanes and always maintain the latter in the
correct position with respect to the case.

Some physical constants of the supercharger are:

Displacement 0.544 cubic foot per
) revolution

Fixed compression ratioe 1.53 . _

Maximum speed of drum 3,000 r.p.m,.

- Weight 119 pounds

- The supercharger is lubricated with castor oil by an

0il system independent of that of the engine to which it
may be attached. The Bosch pump which distributes the
0il is provided with one intake and six discharge open-
ings, One of the discharge bvpenings is connected by an
01l duct to a pressure gauge and five are connected by
0il ducts to the superchargsr at the following points
(fig. 4): onse on each end of layshaft, one on the end plate
19, and two at 27 on the end plate 18. The connection on
end plate 19 is so located that the o0il can flow over the
gears in the gsar case, The oil is drained from the case
through a connection at the bottom, '

The L-shaped connection 27 in end plate 18 is so lo-
cated that the o0il in entering falls on the portion of the
. brass 0il ring 12 that is shaped %o catch the oil, The
0il is then thrown out by centrifugal force into the oil
grooves in the rlng. This oll then passes through holses
running lengthwise in ths drum guadrants and thence through
holes in the bronze bearing pads. This oil lubricates’ the
surfaces betwesn the moving vanes and the drum.“‘

G L s
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The eccentric bearing surfaces are lubricated:through
the oil connections on each end of the layshaft., Passages
are provided in the shaft and in the eccentrics to convey
the oil to the bearing surfaces. Tae o0il is throwa out
by centrifugal force, after leaving the surfaces, against
the inside of the drum quadrants., Passages are provided
in the quadrants to carry the oil back to the gear casse,
However, as only a small amount of o0il was drained from
the case and a large amount passed out through the dis-
charge it seems that most of the o0il escaped through the
spaces between the vanes and bearing pads in the gquadrants,

In order to supply 4 pints of oil per hour to the su~
percharger, the emount specified by the manufacturers as
essential for proper lubrication, the o0il tank must bs
kept under a pressure head. & connection is provided on
the supercharger case so that under service conditions the
Pressure on the oil tank 1s maintained by -the supercharger,

TEST PROCEDURE, EQUIPMENT, AND METHODS

Before any tests were conducted on the supercharger
the Bosch pump was taested separately to determine what
Pressure head should be maintained on the pump and also
whether 1t delivered the required 4 pints of o1l per hour,
In these tests the pump was driven by an elesctric motor,
The motor was provided with variable resistance so that
pump speeds of 1,050, 3,000, 4,200, and 5,000 revolutions
per minute could be obtained. The rate of discharge was
determined for these speeds with O, 20, 40, 60, and 80
pounds of pressure per sqguare inch on the supply tank,

The duration of each run was 1 hour,

Because the supercharger was new 1t was Yrun ia" at
-speede up fo 2,300 r.p.m., before any performance tests
were made. Its porformance was then determined for speeds
of B0O, 1,000, 1,500, and 2,000 r.p.n. at pressure differ-
ences of 0, 3, 6, 9, 12, and 15 inches of mercury for each
specd, These tests were followed by further running-~in
tests up to & speed of 2,800 r,p.m. whereupon its perform-
ance at a speed of 2,500 r.,p.m. was determined for each of
the above pressure differences, No test was made at its
maximum drum speed of 3,000 r.p.me bocause the supercharger
--never esbteglned .8 speed over 2,800 r.p.m. without seizing.
Trouble was oxperienced from time to time with the vane
clearances, as is explained later,
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The supercharger was driven by an electric dynamome-
ter and the torque indicated by a Xron scale. The norse-~
power absorbed by the supercharger was computed from the
scale reading and the dynamometer speed, The anmcunt of
air delivered by the supsrcharger was measursd by means of
the Durley orifice bPox, From the measurement of the pres-
sure drop across the orifice and the temperature of the
alr entering the orifices the weight and conseguently tho
volume of air could be calculated, Pressurs differecnce
across the supercharger was obtained by throttling the in-
tako of a 72-cubic-foot depression %tank placed in the air
duct betweedr the supercharger and the orifice box,

The data for the Roots supercharger of 0,509~cublic~
foot displacement per revolution were taken from N.A.C.A.
Technical Report Ho. 284 (reference 1) and were corrected
to the sane displacement as that of the. Powerplus py multie-
plying the values by 0.544/0.509, the ratio of. the capaci-
"ties of the two superchargers. For further information
on the method of conducting the tests and calculating the
results, see references*b and 6. :

RESULTS AXD DISCUSSION

The results of the Bosch pump tests are shown in Fig-
ure 5, The amount .-of .0il delivered by the pump increased
both with the increase of speed and}@rimary pressure but
the increase with the pressure was not very large. Howev-
or, it was decided glwayse to have a prinary pressure of
not less than 40 pounds per square inch-on the .tank owlng
to the fact that at 20 pounds per square inch the amount
of o0il delivered fell off considerably at the higher speeds,
A pump speed of 3,500 revolutions per minute had to be at-
tained before the pump deliversed 4 pints of o0il per hour,.
However, throughout the tests it was noted that the super-
charger had sufficient o0ll at low speed, even though 4
Pints were not used; the 4 pints per hour specified nust,
therefore, refer to the higher supercharger speeds.

In order that the performance of the Powerplus super-—
charger at various conditions of pressure and speed may be
more fully appreciated it has been comparsed with the per-~
formance of a Roots supercharger for the same operabing
condiftions., The pressure-volums cards for the Roots and
the Powerplus suporchargers are showa in Figure 6, Tho
Roots supercharger opoerates on a square card, the alir being
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compressed within the supercharger by the back flow of the
compressed-alr, The Powerplus supercharger has o fixed
compression ratio of 1.53. All air taken in is therefore.
reduced- 4n volume to 1/1.53 of the intake volume before

it comes in contact with the discharged air, after which
~its pressure ls either increased or decreased, depending
on the pressure at the supercharger exit. If the exit
pressure is higher than the pressure of the compresscd air
within the sgsupercharger the discharged air will rush back
and furtlier compress the air within the supercharger;
.wnereasg, if the prosgsure at the exit 1g lower than that in
tho suporcharger, as in Figuroec 6, tho compresked air will
rush out until the pressure within tho case is egqual to
the prossuro at the oxift,

s The pressure~volume cards in Figure 6 are based on a
pressure difference across the supercharger of 8 inches of
mercury and the volume displaced by one of the four vanes
or lobes, A compression exponent of 1,407 was assumed for
the Powerplus supercharger. . Wote that for the intake and
discharge pressures given in Figure 6 that the pressure
within the case of the Powerplus supercharger is 39,87
inches of mercury just before the alr botweon two success-
ivo vanocs starts to flow through the discharge oponing,.
Tho oncorgy usod in compreossing the alr to a pressure high-
or than tho dischargo prossure is wasted, This energy is
represented by the area A, The area B represents the
.amount of unnecessary work done by the Roots because the
alr rushes back and must be expelled agaln, From a theo~
retical consideration of the power requirements of the two
-superchargers, 1% is obvious that the Powserplus super-
charger is better than the Roots for all conditlons where
the area A is less than the area 3B. It is also obvious
that the power reguirements are in favor of the Powerplus
; when the pressure differences across the supercharger arse
large and that they. are most favorable to the Roots when
the pressure differences are small,

The performance data obtained in the laboratory test
of the Powerplus supercharger are given in Table I,
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TABLE I
FERFORMANCE DATA FOR THE POWERPLUS VANE-TYPE SUPERCHARGER
Super-~ | Pres- Air Volu~ |Adiabatic
charger | sure Pres-|Temper- welght | metric|efficiency
Run| speed differ-| sure | ature |Horse-|(lb.per | effi- |(per céent)
No.|(r.p.m.)| ence ratio| ratio |power | sec.) |'ciency
(in.Hg) (per
cent)
TEST 1
2 493 3.10 [1.115( 1.020 | 1.85 | 0.2293 77.5 72.4
3 473 6.15 [1.255{ 1.042 | 3.09 21641 65.1 66.0
4 505 .20 11,006; 1,007 .67 3127 92.9 17.0
5 487 8.856 |1.415} 1.070 | 4.48 L1260 | 54,7 54,0
6 528 12.22 |1.679] 1.106 | 6.39 .0183 9.6 9.3
TEST 2
7 | 1023 34 11,011} 1.011 | 2.42 . 6045 88.5 13.76
8 1016 2.97 1.110| 1,024 | 4.19 .5177 84,8 70.4
9 895 5.90 [1l.243} 1.040 6.51 4326 | 79.0 7.4
10 | 1005 8.94 |1.420( 1.082 9.13 3352 | 71.2 71.8
11 992 11.90 1.650{ 1.126 11.60 2395 59.9 59.0
12 1005 14.85 {1.966] 1.204 |14.40 1612 | 47.7 44,6
' TEST 3 .
13 1505 «38 1.0124} 1.018 5.06 . 8861 89.8 9.7
14 | 1513 2.5 11,109| 1.030 | 7.93 .7959 88.2 55.8
15 1520 5.94 |1.245| 1.054 {11,70 |. .6803 84.2 638.9
16 | 1506 8.97 |l.422| 1.085 |15.10 55201 78.9 72.5
17 | 15800 12.20 11.676} 1.149 [19.30 4698 | 7R.7 72.4
18 1481 15.15 {2.007| 1.201 |23.10 .3187 65.5 56.6
TEST 4
19 | 2012 71 11,024 1,027 | 9.11 § 1.1765 89,0 16.5
20 | 2018 3.05 [1.111§} 1.043 [12.30 | 1.0450 85.6 47.9
21 | 2002 6,08 |1.252% 1,062 |16.60 .9160 | 85.5 67.4
22 1998 8.05 1.427} 1.101 {20.90 J7T763 83.0 73.3
23 18850 12,00 1,660} 1.143 [25.10 6364 | 8l.4 3.1
24 | 1944 15.00 1.950} 1.180 |29.80 .4993 76.9 67.5
27 | 2008 6.00 |1.250} 1.054 |16.20 .8900 | 83.9 66.8
TEST 5 .
28 | 2520 .80 |1.027| 1.029 |14.79 | 1.4260 | 87.4 14.1
29 | 2510 3.00 }1.111) 1.039 {18.78 | 1.3138 | 88.4 40.1
30 | 2500 6.08 [1.254) 1,056 (23,10 | 1.1245 85.7 60.3
31 2503 *9.09 1.435] 1.066 ]28.04 .8670 85.8 71l.4

*No test dats obtained at high pressure difference for this speed
because of contacting of the vanes with the case.
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The curves in Figure 7 show the horsepower required
to operate the Powerplus supercharger and a Roots super-
charger at various conditions of pressure difference and
specd, The curves show that the Roots supercharger re-
quires less power at the low pressure differences, espe~
cially when operating at high speeds, but at the high pres-
sure differences the power regquirements of the Powerplus
supercharger are less for all speeds, These results sub-
stantiate the results presented in the preceding paragraph.
Bear in mind that these curves alone do not indicate which
supercharger is the more sefficient; they show the horse-
power required to operate the superchargers at these vari-
ous speeds and pressure differences; whereas, to determine
which is the more efficient supercharger the amount of air
each delivers at the same operating conditions must be
known, It may be well to mention here that the Powerplus
supercharger ¢ ot be operated at drum spesds over 3,000
revolutlions per minute; whereas, the Roots supercharger
can be operated at impsller speeds up to 7,000 revolubtions
per minute. The curves in Figure 7 show that the power
requirements of the two superchargers are equal at pressure
dlfferences of 4, 6,7, and 8 inches of mercury at drum
speeds of 1,000, 2,000, and 2,500 revolutions per minute,
respectlively. The variagtlon of these pressure differencses
with the speed is due to the difference in mechanical and
volumetric efficisncy for thess conditlons,

The welghts of air delivered by the Powerplus super-
charger and a Roots supercharger at wvarious speeds and
pressure differences are shown in Figure 8, With no pres-
sure differencs the Powerplus supercharger delivers less
air than the Roots and the difference in air weight in-
creases with increase of speed., At 12 inches of mercury
pressure difference the Powerplus supercharger delivers
approximately 0.10 pound of air per second less than the
Roots at the low speeds and 0.14 pound per second less at
the high speeds. On the basis of air weights given in
Figure 8 and the horsepowsers given in Figure 7 the power
required by each suvercharger to compress a definite
welght of air can be obtained, At & speed of 2,500 revo-
lutions per minute and a pressure difference of 12 inches
of mercury 32,8 horsepower is required by the Powerplus
to deliver 0,835 pound of air per second and 38.3 horse-
power 1s required by the Roots to deliver 0,97 pound of
alr per second, Assuming that the power varies directly
as the weight, then for these conditions of pressure and
speed the power required to compress one pound of alr per
second by the Powerplus and Roots 1s 39,3 and 39,5 horse~-
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power, reéﬁectiveiy. 'In a similar manner the pPOWeTr ro-
quired by each sdupercharger to compress a pound of air per
second at other conditions of pressure diffesrence and "speed
was determined and is presented in the following table,
TABLE II
HORSE?OWER REQUIRED BY EACH SUPERCHARGER TO .

DELIVER ONE POUND OF AIR PER SECOND

Supercharger Speed - 1,000 r.p.m.

Pressure difference, in. of Hg 0 i2 15
N.A.C.&s Roots supercharger, hp 0.294 42,6 64.5
Powerplus superchargsr, hp B.84 - 49,6 90,6

' Superdharger Speed = 2,000 r.p.m.

Pressure difference, in. of Hg 0 12 15
N.,A,C.A. Roots supercharger, hp 0.954 397 5741
Powerplus supercharger, hp 6457 39,55 59,8

Supéréharger Speed = 2,500 r.p.mn.

Pressure difference, in, of Hg 0 12 15
N.A.,C,A. Roots supsrcharger, hp 1.342 39.5 57.8
Powerplus supercharger, hp 9.00 39.3 56,7

A study of Table II shows that below 12 inches of
mercury pressure difference the results are more favorable
to the Roots supercharger whereas from 12 to 15 inches of
mercury pressure difference the performances are about
equal at speeds of 2,000 revolutions per minute and above.
At high .pressure differences (above 15 inches of mercury)
the performanceé of the Roots supercharger is superior to
that of the Powerplus except at speeds of 2,500 revolu-
tions per minute or higher where the performance of the
latter is slightly better. As designed, this supercharger
would be most satisfactory for conditions where the pres-
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sure difference was from 12 to 15 inches of mercury. The
supercharger can, however, be designed for other prbssure
differences, :

The comparative volumetpic efficlencies of the super-
chargers are shown in Figure 9 and the.slip .speed for sach
is shown in Pigure 10, The slip speed is a measure in
terms of—supercharger speed of the quantity of air that
slips back, at various pressure. diffeéerences, between the
moving: parﬁs and the case of the supercharger. 'The slip
speeds for the Roots supercharger were defsermined by op-
erating 1%t at various pressure differences with the in-
take bloclked, The values for the slip speeds obtained by
this method on a Roots-type supercharger should check the
spesd for zero .air delivery at various pressure differ-
ences in Figure 8, The method used for determining the
8lip speed of the Roots supercharger is not satisfactory
. for determining the slip -speed of the Powerplus because
even when thereo is no difference. in preos&iire botween the
intakke and discharge there is a certain' amount of. slip in
the Powerplus which 18 caused by high pressure alr leakw-
ing back beotween the vanosxand the case, From the curves
in Figure 8 for zeéro pressure difference_the weight of
alr thet slips back in the Powerplus supercharger at vari-
ous speeds can be obtained by subtracting the ailr weight
given for the Powerplus from the weight given for the
- Roots, Note that the. difference decreases gradually as
. the speed is dscreased,

The slip speeds of the” Powerplus supercharger can be
determined from the volumetric efficiency curves ln Fig-
ure 94 For instance, at a pressure difference of 15
inche# .of mercury and a speed of 1,000 revolutions per
minute the volumetric efficiengy of ‘the superchargsr is
46,5 per cent,’ The slip speed . must, tHerefore, be 53,5
per cent or 535 revolutions per minute. Thé'slip—speed
curves in Figure 10 for the Powerplus supercharger were
computed according to this method. Wote that, unlike the
Roots supercharger, the slip speeds for the Fowerplus in-
orease with speed up to a pressure difference of gbout 12
lnches of mercury., The slip-spoed curves for a speed of
2,500 revolutions per minute may be slightly high because
the method of computing these results neglects the effect
of charging losses that may enter at this speed, Howev~
er, on the basis of other tests conducted with & Rooltsw-
type supercharger at speeds up to 6,000 revolutions per
minute it is believed that the charging losses would be
negligible at a speed of 2,500 revolutions per minute,

O N LI
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A comparison of the adiabatic efficiencies of the
Powerplus and the Roots superchargers is shown in Figure
1l1. The adiadatic efficlency of both superchargers de-
creases with increaseé of. speed at low pressurse ‘@iffer-
ences, the effect’ being mors noticeable in the- cage of the
Powerplus supercharger. At high pressure differences the
efficiency increases with increase of speed.,. The Power-
Plus supercharger is more efficient than the Rools at the
high pressure differences, but at the low pressure differ-
ences the results are more favorable to the Roots. These
efficiencies bear out what already has been stated with .
respect to the horsepower required by sach supercharger
for various operating conditions,

The Powerplus supercharger is more complicated and
less relliable than the Roots. In these tests difficulty
was eXperienced with the vanes contacting with the casse,
which placed an excessive load on tho eccentrics. This
contacting of the vanes was eliminated at speeds wup to
2,500 r,p.ms, by scraping the case, At higher speeds the
vanes contacted even after approximately 0,006 to 0.010
inch of metal had been removed. It is believed that the
contacting is due to distortion of the case and that the
design could be modifled to eliminate or reduce it. Witn
this exception this is a well-designed and constructed
supercharger and indicgtes that the manufacturers have ex-
ercised great care and paid considerable attention to de~
talls of lubrication and weight reduction,

CONCLUSI ONS .

ls At low pressure differences the power required
by the Powerplus supercharger to compress a definite guan-
tity of air per second is greater at all speeds than that
required by the N.A.C.A. Roots supercharger. At pressure
differences from 10 to 14 inches of mercury and speeds
above 2,000 r.p.m, its performance is about equal to that
of the Roots, At a pressure difference of 15 inches of
mercury, or greater, and a speed of 2,500 r.pom,, Or great-
‘ér, the performence of the Powerplus supercharger is slight-
17" better than that of the Roots.

2s The Powerplus supercharger is not egqual %o the
Roots supercharger in reliability,
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3. A Powerplus-superchérger of the same capacity
as a Roots supercharger would be considerably more dulky.

4+ Thies supercharger as designed would be most sat-
isfactory for conditions where the discharge pressure
was about 30 inches of mercury, absolute, and the préssure
difference was from 12 to 15 inches of mercury.- However,
the supsrcharger can be designed for other pressure dif-
- ferences, .

Langley Hemorial Aeronautlical Laborabtory,
National Advisory Committee for Aeronautics,
Langley Field, Vsa,, June 14, 1932,
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